Introduction
The process of learning is fundamentally about action. In order to successfully navigate our environment, we must continually learn about the ever-changing limits of our body and the constraints that it imposes upon our interaction with the world. The experience of pain is central to this process, indicating the point at which our bodily integrity is potentially compromised through action.
The interaction between pain and learning can be better understood from an evolutionary perspective, by adopting the concept of the explore-exploit dilemma [1] . When our bodily integrity is threatened, we typically withdraw or rest (exploit) to allow sufficient recovery to within bodily limits, at which point we decide to interact (explore) within our niche. We learn over time when it is best to exploit and when to explore in order to promote adaptive behaviour [2, 3] .
Learning in pain, however, is not straightforward, owing to the complexity that comprises bodily integrity and worldly state. As a consequence, we find ourselves confronted with the reality that in some cases pain persists, seemingly decoupled from acute protection and adaptive behaviour. This necessarily goes beyond responding to and learning about a nociceptive signal, extending to an overall appraisal of the bodily and sociocultural environments in which we exist [4, 5] . Adequately accounting for such a rich and diverse set of interactions is the challenge faced in establishing a learning model in pain.
Current application of learning models in pain
Over the last 40 years, associative learning models have come to dominate our conception of learning in pain [6] . These accounts are pervasive in different forms across the pain field, from Pavlovian (habitual) to Operant (instrumental) conditioning in behavioural psychology [7, 8] , extending to reinforcement learning and temporal difference models in computational neuroscience [9] [10] [11] [12] . Operationalised through the Rescorla-Wagner model, the heart of associative learning models lies in the concept of an associative weight between stimulus and response, ranging from immediate, reflexive stimulus-response (modelfree) to more complicated goal-directed actions, which alter proceeding stimuli (model-based) [13] [14] [15] [16] .
Through the application of associative learning theory, it is posited that persistent pain reflects the generalisation of pain-related responses and maintained avoidance behaviour [8, 17] . This conceptualisation has shaped our understanding of pain in the behavioural sciences, an influence seen from scientific investigation to clinical management [18] [19] [20] .
Yet, the experience of pain sits awkwardly in these traditional stimulus-response models [21, 22] . In light of recent advances across neuroscience and behavioural domains, there is a growing consensus that perceptual experience is a predictive process, in which learners actively seek information to update their prediction of their internal and external environment [23, 24] . This is problematic for traditional associative learning models in pain for several reasons. Firstly, pain is classically posited as a stimulus and conflated with nociception, which downplays the significance of pain as an experience and its explanatory role within theories of learning. Secondly, traditional associative learning approaches model the state of the learner as a series of punctate values at any given time [25] , which belies the learner's uncertainty [26] [27] [28] . Finally, these models are limited in their scope to accommodate the active nature of the learner (i.e. being able to actively explore and intervene in an uncertain 
